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A quantitative analysis of sodium transport and removal during
peritoneal dialysis. To quantitatively evaluate peritoneal sodium trans-
port, the diffusive mass transport coefficient (K0) and sieving coefficient
(S), as well as the mass of sodium transported by diffusion (DM), by
convection (CM) and by fluid absorption (AM) and the total sodium mass
removed (RM) were calculated during a series of single dwell studies in
CAPD patients. A six-hour dwell study was performed in 68 patients using
2 liter of 1.36% (N = 13), 2.27% (N = 9) or 3.86% (N = 46) glucose
dialysis fluid with '311-albumin as the intraperitoneal volume marker. The
patients in whom the 3.86% glucose dialysis fluid was applied were further
divided into four transport groups according to a modified peritoneal
equilibration test: high (H), high-average (H-A), low-average (L-A), and
low (L) transport. There was no significant difference in KBD nor in S for
sodium among different solutions. However, the removed sodium mass
(RM) was significantly higher in the 3.86% (70.5 31.5 mmol) and 2.27%
(36.0 21.0 mmol) solutions as compared to that of the 1.36% (—1.8
26 mmol) solution mainly due to increased both CM and DM. In general,
CM was twice as high as DM. AM substantially decreased sodium
removal. Among the different transport groups, the KBO and S values for
sodium were significantly higher in the H group as compared to the other
transport groups (both P < 0.05). However, RM was significantly lower in
the H group mainly due to higher AM. Using a 3.86% glucose solution, the
D/P for sodium was found to be significantly different (but only after 120
mm of the dwell) between all the different transport groups. In conclusion,
sodium removal in CAPD is strongly related to the fluid removal. The
ultrafiltration induced convective transport (CM) and peritoneal absorp-
tion of sodium (AM) were of similar magnitude and were twice as high as
the diffusive transport (DM) and both play an important role in the
peritoneal sodium balance. A D/P for sodium using the 3.86% glucose
solution, especially at the end of the dwell, can be used to discriminate
between different transport categories of patients. High transport patients
have a poor fluid and sodium removal that are likely to affect their clinical
outcome.
Sodium and water retention as well as hypertension are com-
mon in peritoneal dialysis patients [1, 2] and contribute to
cardiovascular diseases, which are the leading causes of death in
these patients [2, 3]. Restricting the oral sodium intake is fre-
quently not enough, and compliance is often inadequate, to
achieve a neutral sodium balance [4]. Therefore, sodium removal
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by dialysis is crucial for peritoneal dialysis (PD) patients. A
detailed quantitative analysis of sodium transport parameters is
valuable for the clinical management of PD patients using con-
ventional solutions as well as for the evaluation of new dialysis
fluids with low sodium concentrations, and the new osmotic
agents.
In peritoneal dialysis, sodium removal depends on several
factors, such as the dialysate sodium concentration, concentration
of the osmotic agent, dwell time and peritoneal transport charac-
teristics [5—11]. Hypernatremia may develop especially during
short dwell time peritoneal dialysis with hypertonic solutions, due
to the substantial sieving of sodium [6, 8, 9].
During peritoneal dialysis, sodium is transported by diffusion
(due to the concentration gradient between blood and dialysate),
by convection (due to ultrafiltration), and by peritoneal absorp-
tion (bulk flow of fluid and solutes, comprising of direct lymphatic
absorption and absorption to interstitial tissues) [12]. In most
earlier studies, however, the peritoneal absorption of sodium was
not taken into account [5—10]. The rate of peritoneal absorption
can be expected to have a major impact on the transport of solutes
such as sodium, for which the concentration gradient between
blood and dialysate, and therefore the driving force for diffusive
transport, is small. The impact of these transport components on
net sodium removal may differ substantially between different
solutions, different dwell times, etc. However, the relative impor-
tance of the three main transport components—diffusion, convec-
tion and peritoneal absorption—during the dwell has not yet been
established.
The application of the so-called membrane model of peritoneal
transport, based on thermodynamic theory of mass transport, can
provide values of transport parameters: diffusive mass transport
coefficient, KBD, and sieving coefficient, S [13]. In this model, the
transport parameters are assumed to be constant during the dwell.
For sodium, this assumption seems to be valid whereas this may
not be the case for some other solutes [14]. The application of an
intraperitoneal macromolecular volume marker allows an accu-
rate assessment of intraperitoneal dialysate volume over time
profiles [15, 16]. Furthermore, by calculating the marker elimina-
tion rate coefficient, one can estimate the hulk absorption of fluid,
as well as solutes, to lymphatic and tissues adjacent to the
peritoneal cavity.
The decrease in dialysate sodium concentration (due to the
substantial sieving of sodium) during the initial part of a perito-
neal dialysis dwell using hypertonic 3.86% glucose solution has
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recently been suggested as a measure of transcellular water
transport [17—201. Thus, evaluation of sodium sieving should be of
value for the analysis of different fluid transport patterns in
CAPD patients.
The aim of this study was to evaluate peritoneal sodium
transport for the three standard glucose-based solutions in order
to characterize the impact of the different transport components
on net sodium removal during the dwell, and in particular the
influence of peritoneal absorption of sodium. Recent findings
suggest that the so-called high transporters have an increased
mortality [21, 22]. This could at least in part he due to impaired
fluid and sodium removal [23]. Therefore, as a second aim, we
also evaluated in detail the impact of different peritoneal trans-
port patterns (low, low-average, high-average and high peritoneal
transport characteristics) on the different components of sodium
transport.
METHODS
A six-hour dwell study with an intraperitoneal volume marker
('31l-human albumin, RISA) and frequent blood and dialysate
sampling was carried out in 68 CAPD patients using 2 liters of
1.36% (N = 13), 2.27% (N = 9) or 3.86% (N = 46) glucose
dialysis fluid (Dianeal; Baxter-Travenol, Deerfield, IL, USA). The
study protocol has been described in detail previously [24]. These
dwell studies were performed as part of a long-term follow-up of
CAPD patients or as part of studies on alternative osmotic agents,
and part of the dwell studies reported here have been partly
analyzed before [11,24]. In this study, we only used the first dwell
study (using glucose solution) for each patient.
To study the effect of different peritoneal transport patterns on
sodium transport, we divided the patients (N = 46) in whom
3.86% glucose solution was used into four transport categories
according to the modified peritoneal equilibration test (PET, see
below) using the data from the studies with 3.86% glucose
solution: low (L), low-average (L-A), high-average (H-A) and
high (H) transport with 6, 13, 20, 7 patients in each group,
respectively. As our dwell study is different from the standard
PET (3.86% glucose solution was used as well as we used the
solutes concentration in plasma water instead of plasma concen-
tration) we modified the criteria proposed by Twardowski et al
[25]. The limits of D/P ereatinine at four hours used for patient
classification was 0.68 0.12 (mean 1 SD), established in our
clinically stable patients.
Blood and dialysate samples were analyzed for RISA activity on
au Intertechnique CG Gamma Counter (Intertechnique, Plaisir,
France). Glucose, urea, creatinine, and total protein concentra-
tion were measured with an IL 919 system (Instrumentation
Laboratory, Milan, Italy), sodium and potassium concentration
with an IL 743 flame photometer (Instrumentation Laboratory).
Intraperitoneal dialysate volumes (VD) were estimated from
the dilution of RISA with corrections applied for the elimination
rate of RISA from peritoneal cavity (Kr, mI/mm) and sample
volumes. K was used for estimating the peritoneal fluid absorp-
tion rate [15]. The dialysate concentration (CD) over plasma
concentration (CB) ratio, D/P, during the dwell study was calcu-
lated by dividing the dialysate concentration of a solute with the
plasma water concentration of the investigated solutes [26]. The
diffusive mass transport coefficient, KBD (mI/mm), and the sieving
coefficient, S, were calculated using the modified Babb-Rander-
son-Farrell model as described previously [271 using the computer
program PERTRAN (Baxter Novum, Karolinska Institute, Stock-
holm, Sweden). This model assumes that the peritoneal mass
transport of a particular solute is the result of diffusive mass
transport, proportional to KBD, and convective mass transport,
proportional to S, minus the absorbtion mass transport. Thus,
d(VDCD)
dt = KBD(Cu
— CD) + SQC3 — QaCD (Eq. 1)
where Q,=Qv+Qa, Q is the net ultrafiltration rate calculated as
the rate of intraperitoneal volume change, and Q., is the rate of
fluid absorption assumed to be equal to the RISA elimination
coefficient KE. Having VD, C1 and CD measured, the coefficients
KBD and S can be estimated using two dimensional linear
regression [13]. Next, having KBD and S estimated, equation [1]
can be integrated and the following equation obtained:
RM = DM + CM AM (Eq. 2)
where RM is the mass of sodium removed equal to the sodium
mass transported by diffusion (DM) and convection (CM) minus
sodium mass transported back to the patient by peritoneal
absorption (AM).
The mass of sodium removed (RM) during the dwell was
calculated according to equations (1) and (2) as the difference
between the sodium mass in dialysate at time T minus the sodium
mass at three minutes plus the sodium mass removed in dialysate
samples:
RM(T) = (VDCD)(T) — (VDCD)(To) + V C0(T,)
(Eq. 3)
where T0 = three minutes, as the first intraperitoneal dialysate
sample was taken at three minutes after complete infusion [24],
V is the sample volume, the sum is taken over all samples
collected up to time T, and k is the number of samples collected
up to time T [15].
Sodium mass transported by diffusion (DM), convection (CM)
and peritoneal absorption (AM) during the dwell time were
calculated as follows:
DM(T) = KBD(Cu(T)
CM(T) = SC8(T)QJT)zT
AM(T) KhCD(T)zT
(Eq. 4)
(Eq. 5)
(Eq. 6)
where C(T) and C0(T) are the average sodium concentrations in
blood and dialysate between three minutes and time T of the
dwell respectively, zT = T — T( QJT) is the average ultrafiltra-
tion flow rate between three minutes and time T, which should
take into account the volume of collected samples, that is, it is
calculated as = [VD(T) + kV5 — VD(To)]/T + Q. The
concentrations of sodium in plasma used for the estimation of the
transport parameters and for the calculation of DM and CM were
measured per whole plasma volume and corrected to aqueous
plasma concentrations and for the Donnan factor [261.
Analysis of variance (ANOVA) was used for single and re-
peated measurements. When ANOVA single measurements
showed significant differences the Scheffe's F test was used to
further analyze difference between different groups. Data are
expressed as mean si, unless otherwise noted. Statistical
significance was accepted if the P was < 0.05.
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Table I. Effects of different solutions on sodium transport parameters and cumulative sodium mass transport at 360 mm
Glucose N
K80
mi/mm S
K0 Q DM CM AM RM
mi/mm mmoi
1.36% solution 13 5.9 5.9 0.71 0.15 1.2 0.4 1.1 0.4 15.0 10.6 39.6 18.2 56.0 20.9 —1.8 26.0
2.27% solution 9 9.1 5.0 0.61 0.11 1.2 0.6 1.9 0.3" 35.5 152b 58.1 14.2 57.1 26.9 36.0 21.0"
3.86% solution 46 8.6 4.3 0.61 0.12 1.9 0.6' 3.4 0.7" 48.8 14.9" 107.8 30.5' 85.7 28.1' 70.5 315"
Abbreviations are: K80, diffusive mass transport coefficient; S, sieving coefficient; K0, peritoneal fluid absorption rate (estimated by RISA elimination
coefficient); Q0, average ultrafiltration rate between 3 mm and 360 mm of the dwell calculated as the rate of intraperitoneal volume change plus KB;
DM, sodium mass removed by diffusion, mmol; CM, sodium mass removed by convection; AM, absorbed mass of sodium; RM, removed mass of sodium.
Note that DM, CM and AM were estimated using the mathematical model based on parameters (K80, S and K0) whereas RM was calculated from
direct measurement. Therefore, RM equals approximately DM+CM—AM.
ap < 0.01 compared with 1.36% and 2.27% solution groups
P < 0.01 compared with the 1.3 6% solution group
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RESULTS
Effects of different solutions on sodium transport
There were no significant differences in KBD and S for sodium
among the three different groups using 1.36%, 2.27% and 3.86%
dialysis fluids (Table 1). The diffusive gradient was significantly
lower in the 1.36% and 2.27% solution groups compared with the
3.86% solution group (both P < 0.01, Fig. I). The ultrafiltration
rate was significantly lower in the low glucose solution groups
(Table 1). Sodium mass transported by diffusion (DM) as well as
by convection (CM) were significantly lower in the low glucose
solution groups (both P < 0.01, Fig. 2 and Table 1). There was no
significant difference in the absorbed mass (AM) of sodium
between the 1.36% and 2.27% glucose solution groups, hut the
AM was significantly higher in the 3.86% glucose group due to
higher fluid absorption rate, as estimated using KE. The total
removal of sodium (RM) at 360 minutes was significantly higher in
the 3.86% and 2.27% solution groups, as compared to the 1.36%
solution group (both P < 0.01, Table 1). RM strongly correlated
to the net fluid removal (r = 0.94, P < 0.0001; Fig. 3).
The kinetics of the three different transport components of the
mass of sodium transported with the three dialysis solutions of
different glucose concentrations are shown in Figure 2. As regards
sodium transport from blood to dialysate, convective transport
(CM) is found to be about two times higher than the diffusive
transport for all the three glucose solutions. CM depends mainly
on the rate of ultrafiltration, and therefore it is most rapid at the
beginning of the exchange and its rate increases with the initial
glucose concentration in dialysis fluid (Fig. 2). Diffusive transport
(DM) also increases with the initial glucose concentration because
of the increase in sodium concentration gradient, especially in the
initial short period of the dwell, due to increased dilution of
sodium in dialysis fluid induced by ultrafiltration of water from
blood with considerable rejection (sieving) of sodium during this
process. The rate of sodium diffusion is almost constant because
the changes in sodium gradient during the exchange are rather
small except during the initial short period of the dwell (Fig. 1).
Absorption of sodium, AM, together with dialysis fluid is consid-
erably faster than the diffusive transport and the net sodium
A C
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Fig. 1. Intraperitoneal volume and DIP of
sodium versus time using different glucose
solutions (A, B) and different transport
categories using 3.86% glucose solution (C, D).
Symbols are: (7)1.36% glucose solution group;
(ED) 2.27% glucose solution group; (>) 3.86%
glucose solution group; (•) high transport
group; ('O) high-average transport group; (0)
low-average transport group; () low transport
group.
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removal (RM) would therefore be negative if it was not for the
convective transport (CM) in the other direction (Fig. 2). Because
of the initial convective transport the total amount of sodium in
dialysate (RM) increases during the initial two to three hours
(depending on the initial glucose concentration); however, when
the net ultrafiltration volume decreases with dwell time (because
of peritoneal absorption), the total sodium mass in dialysate
decreases too. The maximum sodium amount in dialysate was
reached on average after two hours for glucose 1.36% solution,
and after four hours for the 2.27% and 3.86% solutions.
Effects of different peritoneal transport patterns on sodium
transport
The diffusive mass transport coefficient for sodium, KBD, as
well as the sieving coefficient, S, were significantly higher in the
high transport group as compared to the other groups (P <0.05,
Table 2). The diffusive gradient as reflected in DIP for sodium
(Fig. 1) and the average ultrafiltration rate (Table 2) were
significantly lower in the high transport group as compared to the
other groups (P < 0.05). No significant differences were found in
the DM and CM for sodium among the four groups (Table 2). The
AM of sodium in the high transport group was significantly higher
as compared to the other groups due to the higher absorption rate
(as assessed by KE, Table 2; P < 0,05) and higher sodium
concentration in the dialysate. Therefore, the RM of sodium was
significantly lower in the high transport group as compared to the
other groups (P < 0.05, Table 2). RM was found to be strongly
correlated with the amount of net fluid removed in the groups
(Fig. 3).
The maximum sodium amount (RM) in the dialysate was
reached on average after two to three hours for the H and H-A
groups and after three to four hours for the L-A and L groups
(Fig. 4). After the maximum was reached, the RM declined
substantially in the H and H-A groups while the declines observed
in the L-A and L groups were relatively moderate. As regards the
changes in different components of sodium transport during the
dwell, the most striking difference is seen in absorption (AM),
which is the main cause of the low sodium removal (RM) in the H
group (Fig. 4 and Table 2).
The DIP values of sodium at different dwell times for the
different transport categories of patients using the 3.86% glucose
solution were further analyzed for time points between 30 minutes
and 360 minutes. Statistically significant differences (P < 0.05)
were found between each group only after 120 minutes of the
dwell (Table 3).
The diastolic blood pressure was significantly higher in the high
transport group (88 12 mm Hg) compared to the other groups
(78 12, 73 9, 83 10 mm Hg for H-A, L-A and L groups,
respectively, P < 0.05). Three patients in the high transport group
had some symptoms of overhydration such as pronounced edema,
240 300 360 and were classified as ultrafiltration capacity loss due to increased
peritoneal diffusive transport [11].
DISCUSSION
The present study provides a detailed description of the three
main components of sodium transport, and how sodium transport
over dwell time depends on different glucose-based solutions as
well as on different transport patterns of the patients. Special
attention was paid to assure accurate intraperitoneal volume
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Fig. 2. Different sodium transport components versus dwell time using
difTerent glucose solutions. Symbols arc: (x) sodium mass removed by
diffusion (DM); (<) sodium mass removed from blood to dialysate by
convection (CM); (+) absorbed sodium mass (AM); () net mass of
sodium removed estimated using the BRF model; (*) sodium mass
removed calculated using direct measurement. Solutions are: (4) 1.36%
glucose; (B) 2.27% glucose; (C) 3.86% glucose.
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Table 2. Effects of peritoneal transport pattern on sodium transport parameters and cumulative sodium mass transport at 360 mm
KBD
Group N mi/mm S
Q DM CM AM RM
H 7 14.9 6.5a 0.73 0.08a 41.1 26.2
H-A 20 8.4 2.9C 0.63 0.12C 69.7 30.8
L-A 13 7.1 1.6 0.58 0.08 84.8 33.0
L 6 5.2 1.9 0.48 0.12 76.9 9.7
Abbreviations are: H, high transport group; H-A, high-average transport group; L-A, low-average transport group; L, low transport group. Other
abbreviations arc in Table 1.
P < 0.05 compared with other groupshP < 0.05 compared to L and L-A groups
P < 0.05 compared with L group
—500 0 500 1000 1500
Net ultrafiltration, ml
Fig. 3. Relationship between net sodium removal and net fluid removal.
Symbols are: (V) 1.36% glucose solution group; (03) 2.27% glucose
solution group; (>) 3.86% glucose solution group.
measurement, using RISA as the volume marker, as well as
calculation of fluid absorption rate, based on the RISA elimina-
tion rate coefficient from the peritoneal cavity. Special attention
was also paid to the accuracy of measurement of sodium concen-
tration, and its proper expression as aqueous solute concentration
with correction also for Donnan factor [26]. A quantitative
analysis of the relative importance of sodium transport (diffusion,
ultrafiltration induced convection, and convection induced by
fluid absorption) was carried out using a mathematical model of
solute transport [27, 281. The present study shows that sodium
transport depends not only on the dialysis fluid used (in agree-
ment with a previous report [7]), but also on the peritoneal
transport characteristics of the patient. Furthermore, the differ-
cnces between patients in sodium transport as asscssed by DIP for
sodium, especially at the end of the dwell, can he used to
discriminate between patients with different transport character-
istics, similarly to what can be obtained using PET with creatinine.
The sodium balance during peritoneal dialysis closely correlates
to net fluid removal during CAPD and is a function of diffusive
transport, convection across the peritoneal membrane and fluid
absorption [12, 291. The convective transport including ultrafiltra-
tion induced sodium transport (CM) and transport by peritoneal
absorption is the dominant transport component for sodium.
The pattern of sodium transport in peritoneal dialysis differs
from the typical pattern observed for other small solutes such as
urea, creatinine, potassium, etc., for which the dialysate concen-
tration equilibrates with the respective plasma concentration
during the exchange. The sodium concentration in most currently
used dialysis fluids is already close to or only slightly lower than
the plasma sodium concentration, that is, sodium transport is
accomplished almost in the so-called isochratic condition. This
situation favors a precise estimation of sieving coefficient S
because the impact of diffusive transport will be smaller than for
other solutes. In fact, the scattering of S values for sodium has
been found to be lower than for other small solutes [27]. It is
interesting to note that the ultrafiltration rate induced by 1.36%
glucose dialysis fluid is high enough (Table 1) for a precise
estimation of S, even if the substantial decrease of sodium
concentration in dialysate is not observed [27]. In contrast, the
estimation of KBD for sodium may be less precise than that for
other small solutes because of the low concentration gradient for
sodium.
Because of the low concentration gradient for sodium and
therefore relatively low diffusive transport, it is important to
include into the evaluation of the sodium transport parameters,
KBD and S, the correction of sodium plasma concentration to
aqueous sodium plasma concentration (that is, to take into
account the presence of lipids and proteins in plasma) and the
correction for Donnan equilibrium of small cations between
dialysatc and plasma [26]. Furthermore, it is important to include
the peritoneal absorption into the mass balance, because absorp-
tion substantially decreases the amount of sodium mass removed
(Tables I and 2). Neglecting these factors, that is, aqueous
concentration, Donnan equilibrium and peritoneal absorption,
may result in biased values of KOD andlor S for sodium [271.
It was suggested that the sodium transport depends mainly on
the diffusion gradient and is enhanced by decreasing the dialysate
sodium concentration [8, 9]. However, diffusion of sodium across
the human peritoneal membrane has not been extensively studied,
largely because quantification of diffusion is difficult in commer-
cial dialysis fluids as the dialysate solute concentrations arc very
similar to those in plasma [301. Our results show that the mass of
sodium transported from blood to dialysate by diffusion (DM) is
smaller than that transported by convection (CM), especially
when solutions with low glucose concentration are used. The KBD,
which together with the sodium concentration gradient describes
diffusive sodium removal, did not differ between the different
glucose solution groups but was significantly higher in the high
transport group as compared to the other transport groups.
However, DM of sodium was significantly lower in the low glucose
solution groups because of the low sodium concentration gradient
in these groups. It is perhaps surprising to observe an almost
linear increase of the mass of sodium transported by diffusion
mi/mm
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(DM) during the dwell. This reflects the fact that a sodium
concentration gradient is maintained throughout the dwell due to
sieving of sodium in the ultrafiltrate.
Convection plays an important role in the sodium removal. As
sodium is sieved (S 0.5—0.7) during convective transport [6,
311, ultrafiltration not only increases the water removal and the
CM of sodium but also decreases the sodium concentration in the
dialysate, thereby increasing the sodium diffusion gradient, which
results in additional sodium removal by diffusion (DM). Note,
however, that the diffusive component (DM) was similar among
the four transport groups (Table 2) as the high increase in the
sodium concentration gradient for the L and L-A groups was
offset by a lower than that in the H and H-A groups.
It is not surprising that DIP for sodium was significantly higher
in the high transporters as they had lower ultrafiltration rate. The
magnitude of the initial decrease in D/P values for sodium, using
3.86% glucose solution, has recently been suggested as an indica-
tor of transcellular water transport through the ultrasmall pores
[17, 32]. It has also been recently suggested that the transport of
water devoid of solute across aquaporins is apparently the main
reason for the sieving of sodium during peritoneal dialysis [12, 20,
33, 34]. Monquil et al have reported on a selective decrease in
ultrafiltration with normal glucose transport in few CAPD pa-
tients (with loss of ultrafiltration capacity) who had minor decline
of dialysate sodium concentration when using hypertonic glucose
solution, and it was suggested that these alterations perhaps was
due to a reduced number of ultrasmall pores [18]. However, it is
important to note that the smaller than usual decrease in D/P
sodium in some patients with loss of ultrafiltration capacity is also
to a large extent dependent on the fact that if there is no
ultrafiltration there cannot he any sieving (as there is no convec-
tive transport). Therefore, the reduced sodium sieving in patients
with ultrafiltration capacity loss must be interpreted with caution.
On the other hand, in the present study, we demonstrated that
high transporters who also have high glucose transport have high
sieving coefficients and a high D/P sodium value, supporting that
the reduced ultrafiltration may indeed be related to a reduced
number of water pores in these patients. We have also previously
suggested that patients with ultrafiltration capacity loss due to
rapid glucose absorption may also have a decreased osmotic
conductance for glucose, that is, the remaining glucose gradient
does not induce osmotic water flow as effectively as expected [35],
an observation that may be due to reduced water transport
through water pores in these patients. Thus, further studies are
needed in this area. In the present study, we analyzed in detail the
D/P curve versus time for sodium (Table 3) using a 3.86% glucose
solution. The minimum value of D/P was found after 30 minutes
(H group) to 120 minutes (L group). The statistical analysis
performed for every time point of the dwell showed, however, that
the most clear separation between the different transport groups
occurred only during the period between 120 minutes and 360
minutes. This indicates the possibility to use different sodium
transport patterns for classification of patients' transport charac
teristics, especially when using D/P values from the later part of
the dwell with 3.86% glucose solution.
Peritoneal absorption greatly offsets the sodium mass transport
by diffusion and convection from blood to dialysate. The absorbed
mass of sodium depends on the fluid absorption rate and the
dialysate sodium concentration [12]. Reduction in peritoneal
absorption would significantly increase the sodium removal and
may therefore provide an alternative means of increasing removal
of sodium and water, especially in high transport patients and
when low glucose solutions are used.
Adequate water and sodium balance is crucial for the manage-
ment of patients on peritoneal dialysis to prevent cardiovascular
disease, which remains the major cause of death in peritoneal
dialysis patients. A recent preliminary report from the CANUSA
Study suggests that CAPD patient and technique survival are
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Fig. 4. Different sodium transport components
versus dwell time with different transport
categories using 3.86% glucose solution.
Symbols are: (X) sodium mass removed by
diffusion (DM); (<) sodium mass removed from
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Table 3. D/P of sodium at different dwell time for different transport categories of patients using 3.86% glucose solution
Dwell time, mm
30 60 90 120 180 240 360
H 0.899 0.046" 0.910 O.O19c 0.916 0027ahc 0.911 0027d 0.936 0.029' 0.953 0025d 0.969 0032d
H-A 0.874 0.02U 0.866 0.019 0.860 0.037'' 0.868 0.025'' 0.875 0032d 0.893 0024d 0.912 0037d
L-A 0.871 0.031 0.853 0.026 0.849 0.024a 0.850 0023d 0.855 0.013" 0.868 0.019" 0.889 0.015"
L 0.848 0.014 0.823 0.015 0.813 0.014 0.812 0.010" 0.812 0007d 0.820 0.010" 0.843 0.012"
Mean 1 so 0.873 0.030 0.863 0.032 0.859 0.041 0.862 0.036 0.870 0.042 0.885 0.043 0.905 0.045
a P < 0.05 compared with L group
bP < 0.05 compared with L-A groups
P < 0.05 compared with H-A group
"P < 0.05 compared with each of the other groups
worse with increased membrane permeability. The two-year pa-
tient survival for low, low-average, high-average and high trans-
port was 91%, 80%, 72% and 71%, respectively. The two-year
technique survival was respectively 94%, 76%, 72% and 68% [2fl.
We also found that increased peritoneal permeability was associ-
ated with increased mortality [221. Our results show that the more
permeable the membrane, the less removal of sodium and water
by peritoneal dialysis is achieved. Our patients with high transport
rate exhibited increased diastolic blood pressure and three of
them had also clinical symptoms of ultrafiltration loss. These
results suggest that the efficiency of fluid and sodium removal may
serve as an explanation of the reported relationship and be a link
between the adequacy of dialysis as assessed by KT/Vurea and
cardiovascular mortality.
Recent studies suggest that peritoneal dialysis solutions with
low sodium concentration may be more effective for the removal
of excess sodium than a conventional sodium solution with similar
osmolality (by adding more glucose) [10, 301, and may improve
the control of blood pressure, especially in patients with high
sodium intake [10, 36, 371. The increased removal of sodium using
low sodium solution was supposed to be mainly caused by
increased diffusive transport of sodium [10, 30, 371. However,
based on our observations, decreased absorbed amount of sodium
due to decreased sodium concentration in dialysate should also
have contributed to the increased removal of sodium. In addition,
the higher glucose concentration used in low sodium solutions [10,
30] resulted in a higher ultrafiltration rate, which should increase
also CM.
Summary and conclusion
During a six-hour peritoneal dialysis dwell with standard glu-
cose concentrations (1.36%, 2.27% and 3.86%) of dialysis fluids,
peritoneal sodium transport parameters KBD and S did not differ
between the three solutions (Table 1). However, the removed
sodium mass (RM) was significantly higher in the 3.86% (70.5
31.5 mmol) and 2.27% (36.0 21.0 mmol) solutions as compared
to that of the 1.36% (—1.8 26 mmol) solution (Table 1) due to:
(1) higher ultrafiltration and therefore increased convective trans-
port (CM) from blood to dialysate and (2) increased diffusive
transport (DM) due to the higher sodium concentration gradient
(Fig. 1) induced by the lower sodium concentration in the
ultrafiltrate caused by sodium sieving. In general, the ultrafiltra-
tion induced convective transport (CM) and peritoneal absorption
of sodium (AM) were of similar magnitude and were twice as high
as the diffusive transport (DM). The maximum amount of sodium
in dialysate was reached after two hours (1.36% solution) to four
hours (2.27% and 3.86% solutions; Fig. 2).
The analysis of the influence of different peritoneal transport
patterns on sodium transport revealed a significantly higher KBD
as well as higher sieving coefficient S for sodium in high transport
patients (Table 2). However, the amount of sodium transport by
diffusion (DM) did not differ between the different transport
categories (Table 2 and Fig. 4).
Sodium removal in CAPD is strongly related to the fluid
removal (Fig. 3). Ultrafiltration not only increases sodium re-
moval by convection but also increases the sodium concentration
gradient (because of sodium sieving) and therefore diffusive
transport of sodium. Convective transport, from blood to dialy-
sate, as well as the transport of sodium by absorption are both
higher than diffusive transport (Tables 1 and 2, Figs. 2 and 4) and
thus play an important role in peritoneal sodium balance. The
present study shows that the DIP ratio for sodium (Fig. 1),
especially at the end of the dwell, can be used to discriminate
between different transport categories of patients (Table 3). High
transport patients have high peritoneal absorption rate and
decreased ultrafiltration rate and therefore they have poor fluid
and sodium removal, which is likely to affect their clinical
outcome.
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APPENDIX
Abbreviations used in this paper are: K80, diffusive mass transport
coefficient; S, sieving coefficient; DM, mass of sodium transported by
diffusion; CM, mass of sodium transported by convection; AM, mass of
sodium transported by fluid absorption; RM, total sodium mass removed;
H, high transport; H-A, high-average transport; L-A, low-average trans-
port; L low transport; V0, intraperitoneal dialysate volumes; KE, elimina-
tion rate of RISA from peritoneal cavity; C0, dialysate concentration; CB,
plasma concentration.
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